Heart rate variability (HRV) is a noninvasive physiological marker used to assess autonomic nervous function and can be recorded over the short or long term. Long-term recording is a good method for assessing mortality and patient prognosis, while short-term measurement is widely used due to practical advantages and reproducibility. However, little is known about whether a short-term assessment reflects the variation in the overall heart rate of workers. This study evaluated the relationship between the 24-hour and 5-minute HRV, which was selected from a 24-hour recording. The study population was 153 male workers at the National Rail Company in Korea, who had their heart rates assessed for 24 hours. In the time and frequency domains, the correlations of the HRV between 24 hours and 5 minutes were calculated for the entire time and limited times (09:00-17:00). We found modest correlations in the time (R = 0.614-0.668) and frequency (R = 0.508-0.817) domains, but the best correlation was for the high-frequency spectra (HF; R = 0.817). Our findings suggest that the short-term HRV remains stable and may be applicable for screening the variation in the heart rate of workers, although not all of the correlations were sufficiently strong. (Int Heart J 2008; 49: 175-181) Key words: Cardiac autonomic function, Heart rate variability, Short-term, Long term, Workers HEART rate variability (HRV) is a physiological maker used to assess the autonomic nervous system (ANS) and is significantly associated with a variety of pathologies, such as cardiovascular disease and diabetes mellitus. [1] [2] [3] [4] [5] [6] The HRV can be assessed over the short (usually 5-15 minutes) or long (24 hours) term. Long-term measurements reflect the overall change in the heart rate under nonspecific, changing conditions because the subjects perform their usual daily activities during the test. The long-term method has been used to assess mortality and the adverse prognosis of patients on bed rest. 7, 8) This analysis is difficult and not
very reproducible. 9) Conversely, short-term measurements offer more practical advantages, including easy application in a clinical setting and a simplified data process, although short-term recording depends on the test conditions because the subjects are in a controlled environment. 10) Several studies have demonstrated that the 5-minute HRV, versus a 24-hour measurement, is a strong indicator of cardiac events in the normal population and patients, [11] [12] [13] [14] and many have focused on predicting or evaluating the accuracy and reproducibility of measuring the 5-minute HRV. 15, 16) Although we agree that the 5-minute HRV has good reproducibility and is more practical for application, it is not known whether a 5-minute assessment can replace the variation in the overall heart rate for monitoring and screening the ANS of workers. This study evaluated the relationship between the 24-hour and 5-minute HRV, which was selected from 24-hour recordings.
METHODS

Study population:
The study population consisted of 153 male employees, aged 22-69 years, of the National Railway Company in Seoul, Korea. None were taking medicine that affected the ANS, or had a history of cardiac disease. The subjects completed a questionnaire that considered personal and work characteristics, and had their heart rate monitored for 24 hours. All subjects provided written informed consent before participating in this investigation. Measurement of heart rate variability: HRV was assessed using a 3-channel SEER MC, 12-lead Ambulatory ECG recorder (Marquette Medical Systems, Milwaukee, WI, USA). The HRV was measured in all subjects for 24 hours while performing their usual daily activities. The recordings were analyzed using a Marquette 8000 T system (Marquette Electronics, Milwaukee, WI, USA), and screened to eliminate data artifacts. A technician trained at HRV assessment edited the analysis results and divided each into 288 (= 24 hour × 12), 5-minute segments sampled from the 24-hour recordings.
Time-and frequency-domain indices were chosen for the HRV analysis, and consisted of 4 components: the standard deviation of the NN intervals (SDNN) and the average standard deviation of all NN intervals (ASDNN), the high frequency (HF) spectra (0.15-0.40 Hz), the low frequency (LF) spectra (0.04-0.15 Hz), and the low/high frequency (LF/HF) ratio. Statistical analysis: The following procedures were used in the analysis ( Figure) , and the statistical analysis was performed using SAS statistical software.
17)
(1) Time-domain analysis. We calculated the correlation between the ASDNN of the 24-hour HRV and the SDNN of the 5-minute HRV, which was selected randomly from the 24-hour recordings. Also, when sampling 5-minute segments from the 24-hour recordings, we limited the sampling time to between the hours of 09:00 and 17:00, and the association between the ASDNN and SDNN was then assessed, since HRV data are usually collected during standard office hours. These two analysis methods (24-hour measurement versus office hour measurement) were repeated randomly 41,328 times (N = 288 C 2 = 41,328) each, and the results were expressed as the mean value of Pearson's correlation coefficient.
(2) Frequency domain analysis. We randomly selected 5-minute segments from the 24-hour recording of each subject. Pearson's correlation coefficient was calculated to describe the frequency-domain index (HF and LF) between the 24-hour HRV and 5-minute HRV. The sampling time of the 5-minute segments and the 24-hour HRV was restricted to between 09:00 and 17:00, and the association between the two variables was then assessed. Each analysis was performed 41,328 times (N = 288 C 2 = 41,328). The results were expressed as the mean value of Pearson's correlation coefficient.
RESULTS
The general characteristics of the subjects are described in Table I . The mean age of the subjects was 38.5 years, and their height and weight averaged 166.9 ± 5.8 cm (mean ± SD) and 62.6 ± 7.9 kg, respectively. The means of the 4 components were calculated for the HRV indices. The mean SDNN was 56.9 ± 18.0, and in the frequency-domain analysis, the LF, HF, and LF/HF ratios were 637.9, 194.0, and 5.7, respectively.
To account for the correlation between the 24-hour and 5-minute HRV, we evaluated 4 components of the time and frequency domains (Table II) . For timedomain spectra, the correlations with SDNN and ASDNN were modest (R = 0.614 and 0.668), and the measurement during office hours gave a slightly higher correlation than the selection from the 24-hour HRV. For the frequency-domain analysis, the 3 components had correlation coefficients (R = 0.508-0.817) similar to those for the time-domain spectra. The correlation of the HRV sampled during office hours was somewhat higher than for the 24-hour measurement.
DISCUSSION
HRV represents a window on the ability of the heart to respond to internal or external stimuli. The short-term HRV is widely used to assess the variation in the ANS attributable to diverse causes. 11, 13, 14, 18) However, little is known about whether the short-term HRV in workers is comparable to 24-hour measurements, which is the standard for assessing the HRV. 19) This study measured the 24-hour HRV of workers and evaluated the relationship in time and frequency domain variables, such as SDNN, HF, LF, and LF/HF ratio, between 24-hour and 5-minute assessments of the HRV. These variables were widely used to evaluate cardiac autonomic function 1, 4, [9] [10] [11] 13, 14, 16) and reflected vagal tone of the SA node or sympathetic and parasympathetic nervous systems. 19) We found modest correlations in the time-(R = 0.614-0.668) and frequency-(R = 0.508-0.817) domain spectra between the 24-hour and 5-minute HRV. The best correlation between the two was found for the HF spectra (R = 0.817). When restricting the sampling time (09:00-17:00), the correlation between the 24-hour and 5-minute HRV was higher.
Generally, time-domain variables reflect circadian rhythms and the overall change in the ANS. In the frequency domain, the HF spectrum represents parasympathetic nervous modulation of the heart rate, and the LF spectrum reflects a mixture of sympathetic and parasympathetic nervous modulation. Since the HF spectrum is affected by parasympathetic nervous control only, this variation might be relatively minor compared to LF and time-domain indices, such as the SDNN and ASDNN, which are regulated by both sympathetic and parasympathetic activity. 20) This could explain the high correlation for HF. A few limitations of this study must be considered when interpreting the results. First, in our study, HRV was measured on 1 day only (24 hour). Therefore, the measured 24-hour HRV might not be representative, as the HRV shows considerable individual day-to-day variation, 21, 22) although our subjects performed their usual daily work during the test period. Second, we did not measure the 5-minute HRV in a controlled environment; values were selected randomly from the 24-hour recordings. Additionally, our study population was only male, although a sex difference in HRV has been reported. 11, 23) Therefore, the variation in the 5-minute measurement was large and unstable.
In conclusion, we evaluated the relationship of HRV indices between 24-hour and 5-minute recordings. This study demonstrated that the HRV components of a 5-minute recording appear to remain stable and may be applicable for screening the variation in the heart rates of workers, although none of the correlations were strong. Nevertheless, the larger variation or peculiarities of individuals must be considered when the HRV is used to assess the overall status of the ANS. In addition, our results were obtained by examining the relationship between a 24-hour measure and the 5-minute HRV selected from 24-hour recordings, without measuring the 5-minute HRV separately. Therefore, if the 5-minute HRV were obtained under controlled conditions, the correlations might be higher.
